8 The Sol Hamed (SH) area is a part of the Arabian-Nubian Shield (ANS) ophiolites occurred 9 within Onib-Sol Hamed suture zone in the southern Eastern Desert of Egypt. The ophiolitic 10 assemblages in this area are represented by serpentinite, metagabbro and arc assemblages 11 represented by metavolcanics. They later intruded by gabbroes and granites.
For this purpose, field trip was carried out during the period of (20-27) April 2019 by using the landsat 78 image and the available geologic maps (scale 1:50000) were used. About 15 rock samples were collected 79 representing the exposed serpentinites in the mapped area (Fig. 2) . Thin sections were prepared for each 80 sample. 
86
The selected samples represent the best aerial coverage of the examined area. Before bulk rock chemical 87 analyses were carried out, the samples were cleaned and grinded in an electric agate mill, homogenized, 88 dried on the oven for 60 min at 105 degree then mix with 50% from wax polyvinyl meta-acylate additives.
89
Determination of the chemical composition of both major and some trace elements was performed by 90 using a Philips x-ray fluorescene technique model PW/2404, with Rh radiation tube and eight analysing 91 crystals. Crystal was used for estimating Ca, Fe, K, Ti and Mn, while crystal (TIAP, PX-1) was 92 used for estimating Mg and Na. Crystal (Ge) was used for estimating P and Crystal (PET) was used for 93 estimating Si and Al. The concentration of the analysed elements was determined by using software 94 Super-Q with accuracy 99.5 % and confidence limite 95.6 %. Ten samples of these rocks were also 95 analysed to determine their REE contents using the simultaneous inductively coupled plasma emission 96 spectrometer (720 ICP-OES, Agilent Technologies), with accuracy 96 %. Nine samples from SH 
171
Olivine is completely altered to serpentine and opaques along its irregular fractures. Clinopyroxenes 172 are partially and/or completely altered to tremolite and chlorite. The rocks exhibit pseudomorphic 173 ( Fig. 4b ) and interpenetrating textures. Antigorite is the main serpentine mineral together with lesser 174 chrysotile and lizardite Antigorite occurs as large plates and fibrous and scaly aggregates ( Fig. 4b ).
175
Chrysotile occurs as fibrous veinlets that commonly transformed into carbonate and traversing the 176 antigorite matrix (Fig. 4a ). In some parts, bastite texture is associated with schiller structure where when observed it occurs as prismatic and bladed aggregates that poikilitically encloses fine crystals 201 of plagioclase ( Fig. 4d ) and is variably altered to tremolite, actinolite and chlorite. The secondary 202 amphibole are highly abundant and mainly represented by actinolite commonly pale green and 203 moderately pleochroic, often simply twinned and occurs as fibrous prisms and tablets ( Fig. 4d ).
204
Augite occurs as irregular shreds and remnants within the pseudomorphic amphibole ( Fig. 4d ).
205
Chlorite is present as flakey and fibrous aggregates and is closely associated with amphibole, epidote 206 and calcite. Epidote occurs as anhedral granular aggregates replacing plagioclase and amphibole.
207
Accessory minerals such as apatite occurs as fine laths embedded in plagioclase and amphibole. 
229
Mineralogically the diorites are composed mainly of plagioclase and hornblende (Fig. 4g ).
230
Locally, chlorite partially replaces hornblende and quartz is a minor constituent. Hypidiomorphic 231 texture is characteristic, Apatite, zircon and Fe oxides are common accessories. 
260
Major oxides recalculated on an anhydrous basis and plotted volatile-free to reduce the variable 261 element dilution effects resulting from serpentinization process. 
280
5d. The Al2O3 and CaO depletion is typical of fore-arc peridotites, Fig. 6a ; [38] and characterizes ED 281 ophiolitic ultramafites [15, 17, 19, 36] . In terms of Al2O3/SiO2 and MgO/SiO2 ratios, they are like 282 Arabian-Nubian shield and fore-arc peridotites (Fig. 6b; [ 13, 15, 28, 39, 40] , low value of Al2O3/SiO2 283 (fore-arc field), suggesting that these rocks were derived from a mantle source with high degrees of 
287
The SH mantle rocks are highly depleted in incompatible trace elements relative to the primitive 288 mantle (Fig. 6c ). They are variably depleted in Nb consistent with SSZ geochemical characteristics
289
[41] similar to abyssal and fore-arc peridotites [42, 43] . Moreover, the positive Pb-anomaly on spider 290 diagrams resembles abyssal and fore-arc peridotites [42, 43] (Fig.6c ). This specific positive Pb-291 anomaly may proposes a protolith origin or reflects the result of fluid percolation during 292 serpentinization processes [44, 45] 
298
LREE of the studied ultramafic show a low degree of fractionation (La/Sm=1.24). The degree of 299 fractionation of HREE is also low (Gd/Yb=0.998), (Fig.6d ). input from mantle and metamorphic-degassing was proposed to explain the origin of the magnesite 322 veins in serpentinites from the ED e.g., [50, 51] . Even with changes occurred during serpentinization 323 in the mineral compositions of peridotites, geochemical data of serpentinites suggest negligible 324 modification of major elements (except for Ca) at the hand-specimen scale e.g., [30, 45, 52] . Therefore, 
327
Moreover, the trace element compositions (except U and Sr) are not significantly modified during 328 serpentinization e.g, [42, 45, 53] . Accordingly, the major and trace element data reflect the primary 329 signature of the serpentinites protolith in subduction zones [45, 54, 55] . LOI reach up to 10. 34-13.92 330 wt. %, which supports the role of hydrothermal alteration. In the MgO-Fe2O3 T -Al2O3 ternary diagram 331 of [56], all samples plot in the metamorphic metasomatic field (Fig. 7a ).
332
The MgO/SiO2 and Al2O3/SiO2 ratios of serpentinites agree with SSZ peridotites from fore-arc 333 setting, Fig. 6b ; [28, 39] . In the Hf-Th-Nb diagram [57] used to regulate the tectonic character of 334 ultramafic rocks, all samples plot in the destructive field of plate margins (Fig. 7b) . Generally, the 335 Al2O3 and CaO depletion characterizes fore-arc peridotites (Fig. 6a ) [29, 38] . The Cr vs. TiO2 diagram 336 also supports the SSZ setting for the SH serpentinites, Fig. 7c; [58] .
337
The studied rocks show low Al2O3 content reflecting depleted upper mantle source [29] . Their high
338
Mg#, Cr and Ni are consistent with a depleted mantle peridotite source [15, 59] . The MgO/SiO2 and 339 Al2O3/SiO2 ratios (Fig. 6b ) accord with peridotites generated from subduction-related magma source.
340
It is supporting by using Zr vs. Nb binary diagram [60] , all samples plot in the depleted mantle 341 sources (Fig. 7d) 
343
Using the criteria in [58] , we conclude that the chemical signature, the crystallization arrangement 344 and mantle residue of SH ophiolites are similar to supra-subduction zone ophiolites formed in fore-345 arc basins based on the Ti-V variation diagram [62], (Fig. 7e) .
346
Numerous geochemical studies demonstrated restricted mobility of major elements during 347 serpentinization and protolith primary signature were retained e.g. [45, 52, 63] Gondwana; tectonic escape toward oceanic free face to N along WNW striking Najd faults.
384
-D4 event: E-W dextral strike-slip and dip-slip normal faults striking NNW-SSE to N-S and 385 E-W may be related to Red Sea rifting. This stage characterized by dike swarms along faults.
386
The mineralization in this stage is styled as disseminated secondary uranium and anomalous 387 secondary concentrations of Pb, Zr, Y, Nb, Ta, in late dikes.
388

Faults and structural analysis 389
The SH complex is characterized by flat-lying and steeply dipping ductile shear zones trending 390 ENE and associated thrust sheets (Fig. 2, 8a) . The strike-slip shear zones which surround the SH to 391 the N and S show tectonic transport to the ENE where SH mass movement in this direction 392 generated over thrusts of the SH on the volcanic-sedimentary succession. The ENE tectonic direction 393 transport is inferred from moderately-plunging WSW-directed mineral lineation, rodding, minor
